ABSTRACT Blood profiling is a helpful tool in detecting the health status, metabolic diseases, nutritional deficiencies, and welfare of animals. Body weights, body temperatures, hematological and serum biochemical parameters, enzymes, and electrolytes in both sexes of farm emus at the beginning of their breeding season (November in Canada), were determined. The reference interval for each analyte was also calculated. Emus have lower body temperatures (37.2 ± 0.2) than other poultry species. There was no significant between-sex difference in BW, body temperature, and all the hematological and enzyme parameters measured. However, females had significantly (P < 0.001) higher serum calcium, phosphorus, albumin, total protein, globulin, and triglyceride levels than males, probably in preparation for egg laying. We also examined our findings in light of their sex-role reversal in incubation and brooding. Contrary to other avian species in which only females incubate and brood, there was no sex difference in the hematological and enzyme parameters measured in emus. We found that emus are similar to other ratite species with respect to the changes in protein, globulin, triglyceride, and calcium levels. The findings from our study contribute to the database for reference emu hematological and serum enzyme, metabolite, and electrolyte values. between the lower and upper limit of the analyte for 95% of the population" (Clinical and Laboratory Standards Institute, 2012). The RI reflect variations more accurately than reference ranges and are more appropriate for diagnostic purposes (Hochleithner, 1994) .
INTRODUCTION
Emus (Dromaius novaehollandiae) are ratites that are native to Australia. They are farmed globally primarily for their back and abdominal fat, which is rendered into an oil that has therapeutic (Snowden and Whitehouse, 1997; Whitehouse et al., 1998; Lopez et al., 1999; Yoganathan et al., 2003; Qiu et al., 2005; Howarth et al., 2008; Lindsay et al., 2010; Abimosleh et al., 2012) and cosmetic properties (Zemstov et al., 1996) . Meat, eggs, and hide are considered by-products of this industry. Emus are short-day (winter) breeders (Martin, 1999; Blache et al., 2000) , and their breeding season may begin in the months of December or January and extend up to April or May in Canada (Contini et al., 2010) . Emus reduce their feed intake considerably during the breeding season and lose a significant portion of their BW during the process (Davies, 2002) . Emu eggs have a lengthy incubation period of around 52 to 56 d (Taylor et al., 2000; Mahato et al., 2006) , and it is the male alone that incubates the eggs and broods the young (Davies, 2002) .
There is very little information available on the hematology and serum biochemistry values of adult emus, especially during the prebreeding and breeding season. Hence, one of the objectives of the current study was to see whether this sex role reversal affects how emus prepare for the demands of the breeding season with respect to the selected blood parameters. This can be achieved by comparing our results with published data on avian species in which only females incubate the eggs and brood the young, and with species in which both parents share the responsibility.
Clinical signs of diseases in poultry and ratites may be very subtle and confusing (Black and Glatz, 2011) . Hence, for more accurate diagnosis, it is important to establish standard values for the various blood parameters and interpret them according to age, sex, physiological state, and stress level (Fudge, 2003) . Blood profiling is used to detect subclinical, clinical, metabolic conditions, incorrect feeding practices, and also the welfare of animals.
Most previously reported studies are from small sample sizes and the mean values reported show wide variation, whereas the reference intervals (RI) are not reported (Table 1) 
Blood Collection and Processing
The jugular vein is the preferred site for blood sampling in emus (Fowler, 1991; Stewart, 1984) , especially on the right side. All the samples were collected in less than 3 min of restraint and in the morning hours. From each emu, 5 mL of blood was collected into lithium heparin (anticoagulant) BD Vacutainer (Franklin Lakes, NJ) plus blood collection tubes (whole blood for hematological assay) and 5 mL of blood into serum separator tubes (BD Vacutainer Plus) for the serum chemistry components and total electrolytes. The samples were assayed for glucose, cholesterol, triglycerides (TG), creatinine, urea, uric acid (UA), alanine amino transferase (ALT), aspartate amino transferase (AST), creatine kinase (CK), gamma-glutamyltransferase (GGT), and amylase using a multi-channel auto analyzer (Siemens, Dimension RXL, Tarrytown, NY). The anion gap (for identifying acid/base imbalance) was calculated as the difference between the sums of sodium and potassium from that of bicarbonates and chloride (Lolekha et al., 2001) .
Blood smears were made at the time of blood collection to avoid morphological changes to blood cells due to storage (Blue-McLendon and Green, 2010) and stained using the Diff-Quick stain (Lab Aids Pvt. Ltd., Narrabeen, Victoria, Australia) to estimate the differential cell counts and total WBC count manually (Fudge, 2000) . The packed cell volume (PCV or hematocrit) was determined using the standard microhematocrit method with centrifugation at 12,000 × g for 5 min at 4°C (Campbell, 1994 ). Heterophil to lymphocyte (H/L) ratios were calculated from the stained blood smears.
Data Analysis
Descriptive statistics such as mean, SE, and tests for normality (Shapiro-Wilk test), kurtosis, and skewness for all the variables were carried out using Statistica 10 (Statsoft Inc., Tulsa, OK). The outliers were identified and eliminated using Horns algorithm by establishing limits (Tukey interquartile fences) as suggested by Friedrichs et al. (2011) .
The data were analyzed using GLM procedure to determine the effect of sex and years (trials) on the variables with BW as a covariate. Levene's test was used to determine whether the data were homogeneous. When there was no difference between the replicates, analysis was done using ANOVA for normally distributed data, and specific between-sex differences were evaluated using Tukey's test. When the variables were not normally distributed, transformations were done to normalize the data, or else nonparametric tests such as the Kruskal-Wallis one-way ANOVA and Dunn's test were carried out. The means ± SE are presented after standardizing for the variation in BW, with an overall significance level (α) = 0.05.
The recommended procedure for constructing RI has been reviewed by Jones and Barker (2008) . Although a sample size of 120 is often suggested, a minimum of 40 samples is necessary for making good estimates of reference intervals from species where larger sample sizes are difficult to obtain (Friedrichs et al., 2011) . The Reference Value Advisor program (Geffré et al., 2011) was used to compute RI with BW as a covariate. Reference Value Advisor computes "reference intervals using the standard and robust methods with and without generalized Box-Cox data transformation, while allowing the study of the effect of continuous covariates." It also "assesses normality using the Anderson-Darling test and outliers with Tukey and Dixon-Reed tests; dis- plays scatter plots, histograms, and Q1-Q3 plots for testing normality; and provides suggestions based on international recommendations" (Geffré et al., 2011) .
RESULTS AND DISCUSSION
Review of the literature shows very few studies on the hematological and serum biochemical parameters of emus. These references either provide data for emus with age not specified (Stewart, 1984; Okotie-Eboh et al., 1992; AAZV-ISIS, 1996; Fudge, 2003) , or are from emus of ages up to 24 mo (Costa et al., 1993; Patodkar et al., 2008) . A comparison of the sample sizes, sexdifferences, and values previously reported are given in Table 1 . Our study is perhaps the first attempt to create RI for analytes of adult healthy emus in the beginning of their breeding season, using a fairly large sample size.
Body Temperature
The body temperature of emus is lower than that in other poultry (Maloney and Dawson, 1993) . Body temperature of females (n = 19; 37.4 ± 0.9°C) was not significantly different than that of males (n = 27; 37.0 ± 1.2°C). In contrast, Dawson (1993, 1994) found that females had significantly higher body temperature and basal metabolic rate than males in both the summer and winter months. In their study, females were also significantly heavier than males in the 2 seasons; the body temperatures varied from 37 to 38.5°C, but the age of emus was not specified. There were many factors (thermister vs. thermometer for measurement, time of the year when temperature was taken, age of the birds) that may affect the difference in our data set, but perhaps the important one would be that there was no significant difference between the BW of our males and females (Table 2) , and hence they may have had a similar basal metabolic rate (Maloney and Dawson, 1993) and body temperature at the time of our study.
BW
The BW of emus recorded during November in the 2 trials (Table 2 ) was similar. The month of November marks the beginning of the breeding season, when the emus have a high amount of stored fat (Kim et al., 2012) . Females started to accumulate fat earlier (between April and June) than males, and their fat accumulation rate would slow down after June. Males started to accumulate fat later and have maximum fat gain between June and August. By November, males had more accumulated fat than females (Kim et al., 2012) . This may relate to the fact that in November, the females were already mobilizing the stored fat for egg laying, whereas the males were still storing fat to be used as the energy source during incubation. With the breeding season progressing, male emus gradually reduce their metabolic rate and go off feed and water until incubation is completed (Kent and Bewg, 2010) . It will be interesting to examine the seasonal changes in these parameters that are more related to fat deposition (Musa et al., 2007) to determine whether there was sexual dimorphism in their temporal profile. Unfortunately, we have only one time point of data collection during their breeding cycle.
Hematology
The staining properties of avian leukocytes have been discussed in detail by Campbell (2004b) . All the samples examined had an adequate level of thrombocytes, which was confirmed by examining the blood smears, wherein 2 to 3 per field under the oil immersion objective of the microscope was considered to be the required number (Campbell, 1994; Blue-McLendon and Green, 2010) . The total WBC count, differential counts, H/L ratios, and hematocrit as well as the type of RI for both sexes are reported in Table 3 . These values were within the normal ranges for ratites (Fudge, 2000) . There was no significant difference between the sexes for any of these variables. No sex difference in these parameters was also reported in lesser rheas (Pterocnemia pennata; Reissig et al., 2002) , red-legged partridges (Alectoris rufa; Rodríguez et al., 2004) , and bar-breasted upland geese (Chloephaga picta leucoptera; Gladbach et al., 2010) . Rheas are similar to emus in that it is the male which incubates, whereas in the red-legged partridges, both sexes incubate. The upland geese are a nonmigratory species that breed in harsh weather conditions, and whereas it is only the female that incubates eggs, both parents brood the young. However, sexual dimorphism with respect to hematological parameters during breeding season has been reported in great tits (Parus major; Kilgas et al., 2006) , mallard ducks (Anas platyrhynchos; Olsen, 1994) , Canada geese (Branta canadensis; Olsen, 1994), and zebra finches (Taeniopygia guttata; Wagner et al., 2008) , which are species where in only the female incubates eggs. Thus we can conclude that the hematological profile of emus, which has a sex-role reversal in incubation and brooding, is different from that of species which only females incubate and brood the young, but similar to other species that have sex-role reversal or species in which both parents shared the responsibility. Our data reflected the differences in the challenges faced by the sexes with respect to the stressors imposed by the breeding season (Hõrak et al., 1998; Wagner et al., 2008) . The emus are similar to rheas (another ratite) and upland geese as both sexes are affected by the stressors of the breeding season, and hence the variables did not differ significantly between sexes.
Heterophils play the role of neutrophils in emus and are the most abundant blood cells. The H/L ratio is used as an indicator of stress in birds (Vleck et al., 2000; Post et al., 2003; Campbell, 2004a; Singh et al., 2009; Onenc, 2010; Prieto and Campo, 2010) . The previously reported ranges for hematological parameters by Fudge (2003 ; Table 3 ) reveal comparatively higher heterophil counts than ours, probably due to the difference in handling stress. Whereas all the other references reported more heterophils than lymphocytes in emus, one study (Kumar et al., 2009 ) reported otherwise (Table 1) for reasons not mentioned. Such reversals are possible in viral and chronic bacterial infections (Campbell, 1994) . However, the monocytes of emus and other ratites (Campbell, 2004a) are larger in size and are sometimes difficult to differentiate from large lymphocytes.
Eosinophils were comparatively higher in number in emus compared with ostriches, and their role in ratites is said to be unclear (Campbell, 1994; Blue-McLendon and Green, 2010) . Slightly higher hematocrit (PCV) in our study may be due to dehydration as a result of reduction of food and water intake by the birds during this time of the year Ayo, 2008, 2009 ) and also an age effect (Palomeque et al., 1991; Reissig et al., 2002) . However, hematocrit values were found to decrease with the progress of laying season under the influence of estrogen in female zebra finches (Wagner et al., 2008) , whereas higher levels were seen in male guinea fowls (Numida meleagris) than females (Nalubamba et al., 2010) . This could be indicative of the hematological changes playing a role in shaping the costs of egg production in females (Wagner et al., 2008) . Still, changes are possible with the progress of the breeding season.
Metabolites
Blood metabolites, such as glucose, protein, albumin, and TG, are indicative of nutritional status in general (Krautwald-Junghanns, 2004 ). There were significant differences between the trials with respect to glucose (F (1, 40) = 12.918, P = 0.00088), creatinine (F (1, 41) = 13.992, P = 0.00058), and uric acid (F (1, 40) = 7.0628, P = 0.01) levels, probably due to the difference in their nutritional plane. The difference between sexes with respect to globulin levels was significant (F (1, 40) = 7.868, P = 0.007) only in the second trial [i.e., 28.15 ± 1.1 g/L (females) and 20.86 ± 0.9 g/L (males)].
The concentration of major blood metabolites in both sexes and the RI are given in Table 4 . The ratio between urea and UA and that between UA and creatinine for emus are reported for the first time. When compared with previous studies, we see a widening of ranges for total protein, globulin, and cholesterol, and a narrowing down of that for UA (Table 4) as an effect of age (Moniello et al., 2006) and the imminent breeding season (Garcia et al., 2010) . The glucose levels were similar to those reported by most of the authors (Table 1) , but Costa et al. (1993) reported almost double the values. Such elevations in glucose are possible as a result of handling stress, due to the release of glucocorticoids (Siegel, 1995) . The blood samples from our emus were collected at the time of the year when they have considerably lower feed intake, which may also explain the relatively lower glucose values.
There were higher total protein, albumin, and globulin levels in our study compared with the previous reports (Table 1) , which are from younger emus, except Kumar et al. (2009) , who reported values similar to ours in adult emus. This further indicates the influence of age on serum protein levels (Costa et al., 1993; Krautwald-Junghanns, 2004) . The higher values could also be the effect of hydration status (our emus had considerably lowered their water intake), higher globulin levels at the onset of the breeding season, or age (Hochleithner 1994; Krautwald-Junghanns, 2004) .
The mean albumin levels reported are slightly higher due to the lower hydration levels as evidenced also by the higher PCV values. The significantly higher globulin values seen in female emus could be due to the developing follicles (Lumeij, 1987; Harr, 2005) or enhanced investment in humoral immune defense as found in great tits (Hõrak et al., 1998) in anticipation of the forthcoming breeding season. Higher total protein and globulin levels were also reported in adult and female red-legged partridges (Rodríguez et al., 2004) , breeding yellow-legged gulls (Larus michahellis) than the nonbreeding ones (Garcia et al., 2010) , and female bronze turkeys (Meleagris gallapavo; Schmidt et al., 2010) .
Cholesterol is the precursor of all steroid hormones and higher cholesterol levels are also associated with lipemia, which is common in emus (Van Cleeff et al., 2003) . None of our serum samples showed signs of lipemia (Van Cleeff et al., 2003) . The total cholesterol levels observed were similar to those reported by other authors (Table 1) . As in Kumar et al. (2009) , we did not find higher cholesterol levels in males than females, as reported in other avian species (Hochleithner, 1994) . The absence of difference between sexes could also be due to the fact that both sexes prepare for their respective roles in breeding. However, sex and breeding season influences leading to higher cholesterol levels in females have been reported in common terns (Sterna hirundo; Bauch et al., 2010) , red-legged partridges (Rodríguez et al., 2004) , and great tits (Hõrak et al., 1998) due to the influence of estrogen (Bittner, 2008) . In terns and partridges, both sexes are involved in incubation, but in tits, only females incubate, though both sexes raise the chicks. These changes might be occurring with the progress of the breeding season in emus, but unfortunately we have not collected blood samples during the different stages of breeding. The TG levels vary depending on sex, season, and nutritional status (Hochleithner, 1994) . The significantly higher levels of TG in female emus (Table 4 ) could be associated with the breeding season as reported by Kumar et al. (2009) . The TG levels of breeding female red-legged partridges (Rodríguez et al., 2004) and yellow-legged gulls (Garcia et al., 2010) are also greater than males.
Creatinine in blood is derived from the breakdown of creatine in muscles (Hochleithner, 1994) . The mean values observed by us were comparatively lower than those reported by all other authors (Table 1) due to the older age (Hosten, 1990; Rodríguez et al., 2004) and resultant lower muscle turnover in adults when compared with yearlings. Creatinine levels could also Glucose mMol/L 9.6 ± 0.3 9.3 ± 0.3 NS 6 to 13 3 6 to 11 Creatinine (C) µMol/L 13.5 ± 1.0 8.7 ± 0.8 P < 0.001 5 to 26 4 9 to 36 Total protein g/L 52.8 ± 0.9 48.1 ± 0.8 P < 0.01 38 to 58 4 31 to 53 Albumin (A) g/L 29.9 ± 0.6 27.5 ± 0.5 P < 0.001 21 to 34 4 19 to 32 Globulin (G) g/L 26.2 ± 0.7 21.6 ± 0.6 P < 0.001 17 to 29 5 12 to 21 A/G ratio 1.2 ± 0.1 1.3 ± 0.1 P < 0.05 0.8 to 1.5 3 Not given Cholesterol mMol/L 4.5 ± 0.5 4.5 ± 0.4 NS 3 to 14 6 1 to 4.3 Triglycerides mMol/L 7.8 ± 1.0 1.8 ± 0.8 P < 0.001 0 to 22 4 0 to 17 Uric acid (UA) µMol/L 172 ± 16 168 ± 14 NS 69 to 342 4 42 to 517 Urea (U) mMol/L 0.7 ± 0.1 0.8 ± 0.1 NS 0.2 to 1.7 6 0.3 to 1.5 U/UA ratio 5.1 ± 1.0 3.8 ± 0.7 NS 1.2 to 10.0 6 Not given UA/C ratio 16.7 ± 3.0 17.4 ± 2.7 NS 12 to 29.0 6 Not given vary depending on the protein level in diet (Palomeque et al., 1991) and as such are of limited importance in clinical diagnosis (Hochleithner, 1994; Krautwald-Junghanns, 2004 ). Female emus have higher muscle mass than males (Menon et al., 2012) , which may account for their significantly higher creatinine levels, but there is no conclusive evidence because in quails (females are heavier), higher creatinine levels were not reported (Scholtz et al., 2009 ). However, higher creatinine levels in breeding female chukar partridges (Alectoris chukar) have been reported, though males are heavier (Nafiziet al., 2011) in this species. So though this could be under the influence of hormones and metabolic changes, the exact reason for the difference in muscle turnover between sexes remains unclear. Uric acid, the major end product of protein metabolism in birds, is an antioxidant, and its levels can be used to detect starvation (Krautwald-Junghanns, 2004; Harrison and McDonald, 2006) , dehydration and renal diseases (Hochleithner, 1994) in conjunction with other analytes, such as creatinine. The lower UA levels possibly reflect the protein levels in the diet (Palomeque et al., 1991; Bovera et al., 2007) . Urea levels can be highly increased in dehydration in birds (Hochleithner, 1994) and are reported to be useful in diagnosing renal failure in pigeons (Lumeij, 1987) . The UA creatinine ratio and UA ratio (Table 4 ) are considered to be reliable indicators of renal function and dehydration (Lumeij, 1987; Hochleithner, 1994) . There was no difference between sexes in emus as also reported in red-legged partridges (Rodríguez et al., 2004) , common terns (Bauch et al., 2010) , and Japanese quail (Coturnix japonica; Scholtz et al., 2009) in the blood uric acid levels, suggesting that this might not be a variable affected by the breeding season.
Enzymes
The enzyme values and reference intervals in emus measured in this study are given in Table 5 , and there was no significant difference between the sexes for any of the variables. Some other studies have reported sex effect on CK activities, which was higher in males than in female flamingos (Phoenicopterus ruber; Eren et al., 2006) , whereas higher ALT levels were reported in bronze turkey females (Schmidt et al., 2010) during the breeding season. There is lack of information on the status of these variables during the prebreeding stage.
The ALT is ubiquitous and not specific to any organ function in avian species and hence may not be very useful in disease diagnosis (Krautwald-Junghanns, 2004) , whereas changes in AST (associated with muscle and liver function), together with CK (indicative of the changes to skeletal, cardiac muscles, and brain tissue) can be used to identify liver damage (Hochleithner, 1994) . The wide variation in values reported in different studies (Table 1) could be due to the differences in the handling procedure and resultant muscular trauma (Palomeque et al., 1991; Baird et al., 2012) . This emphasizes the need to minimize handling if we are looking for feedback free samples. More than 10 times increase in AST and 15 time increases in CK levels from the baseline are suggestive of rhabdomyolysis in ratites (Paterson, 2007) .
Amylase enzyme secreted by the pancreas is important in normal digestion of carbohydrates and abnormal increases may be noticed with diseases of pancreas (Krautwald-Junghanns, 2004; Harr, 2005) . Levels of GGT, which is important in nitrogen metabolism and found within liver cells (Hochleithner, 1994) , were similar to those reported in ostriches (Bovera et al., 2007) . Levels in egg-laying ducks were found to be 10 times the normal values, whereas double the normal values were found in molting drakes (Olsen, 1994 ), but we did not find any difference between sexes in emus at this stage of the breeding season.
Electrolytes
The values for calcium, phosphorus, and the other electrolytes are presented in Table 6 and were comparable with those reported for emus in AAZV-ISIS (1996) . The serum potassium levels we observed were elevated probably on account of storage (Zaki and Ma- jid, 2011) or hemolysis (Sawant et al., 2007) , or both. The anion gap is within the reported range for avian species (Harr, 2005) .
Calcium and Phosphorus
Total calcium should always be interpreted along with albumin concentrations (Hochleithner, 1994) . Both the calcium and phosphorus levels were significantly higher in female emus than males as also reported by Kumar et al. (2009) , but their ratio was similar to those reported by Andreasen et al. (1997) . Significantly higher levels of serum calcium, phosphorus, or both have been reported in breeding females of other species such as flamingos (Eren et al., 2006) , yellow-legged gulls (Garcia et al., 2010) , Egyptian geese (Alopochen aegyptiacus; El-Hanoun et al., 2012) , as well as emus (Okotie-Eboh et al., 1992) , and this could be a physiological feature (Krautwald-Junghanns, 2004; Harr, 2005) during ovulation. Similar to emus, adult ostriches were found to have higher calcium and phosphorus levels (Moniello et al., 2006) than yearlings. In this respect, emus are no different from other species.
Findings from our study show the effect of sexes and breeding season on the selected analytes in emus, which has not been previously reported. Adult emus in our study were found to have markedly higher values for total protein, and hematocrit from those reported for young emus in other studies (Table 1) . Females have distinctly different values from males for analytes such as total protein, globulin, and triglycerides, which could be the reason for the wide variation found across the Table 1 , where studies did not consider the sex effect. Elevated calcium and phosphorus in females could be noticed during the breeding season as in most avian species, though the calcium phosphorus ratios were unaffected. Similar to the findings in emus, both male and female mallard ducks during the prebreeding period were found to have significantly higher concentrations of albumin, GGT, calcium, and phosphorus levels than nonreproductive birds (Olsen, 1994) , whereas the total protein and globulin levels increased progressively with the breeding season in female bronze turkeys (Schmidt et al., 2010) .
Some of the previous studies in emus did not show variation between sexes probably because of the difference in the age of the birds and season during which these studies were conducted. So it is important to consider the effect of season, physiological status, sex, age, and BW in addition to nutrition when making interpretations of the blood biochemical profile in emus.
Conclusion
Blood profiling is helpful in detecting health issues, parasitism, subclinical metabolic conditions, erroneous feeding practices, and welfare of emus. Emus in general have lower body temperatures than other poultry. The findings from our study showed that at the beginning of the breeding season, levels of protein and hematocrit are higher, similar to the finding in most other avian species. Contrary to other avian species in which only females are incubating and brooding, there was no sex difference in the hematological and enzyme parameters measured in emus (which have a sex-role reversal in incubation and brooding). This may indicate the equally challenging roles they play in the breeding process. Among metabolites, serum total protein, serum globulin, and triglyceride levels were significantly higher in females along with higher creatinine and blood calcium levels. The glucose and cholesterol levels, as well as the phosphorus levels, were similar in both sexes.
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